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Objectives: To assess the influence of lumbar sympathectomy on intimal thickening and arterial remodelling following 
balloon de-endothelialisation. 
Design: Experimental nimal model with control and treated (sympathectomy) groups. 
Methods: Unilateral common iliac artery de-endothelialisation was performed in 36 male pigs using a 5F balloon catheter 
introduced via the profunda femoris artery. Bilateral lumbar sympathectomies were performed in 18 animals. Both iliac 
arteries were perfusion-fixed and harvested 4 weeks later. Arterial morphometry was assessed using computer image 
analysis. 
Results: Area measurements are expressed as median (interquartile range) in mm 2. Balloon injury resulted in significant 
intimal thickening but no loss of lumen due to compensatory enlargement ofthe injured artery. Sympathectomy resulted 
in significant lumen enlargement (4.8 (2.6-6.3) vs. 1.9 (1.7-2.9)) in balloon-injured arteries. Although intimal thickening 
was reduced (0.9 (0.6-1.7) vs. 1.5 (0.9-2.0)), this was not statistically significant. 
Conclusions: Sympathectomy increases lumen area 4 weeks after balloon injury to porcine iliac arteries. This effect is due 
to a combination of reduced arterial wall thickening and increased arterial size. 
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Introduction 
Restenosis following balloon angioplasty continues to 
limit the long4erm value of this intervention. Intimal 
hyperplasia due to smooth muscle cell migration and 
proliferation has generally been considered the main 
cause of restenosis. Unfortunately pharmacological 
agents capable of inhibiting intimal hyperplasia seen 
in a wide range of animal models have not proved 
effective in clinical practice. 1 There is clinical evidence 
from atherectomy specimens that smooth muscle cell 
proliferation is not characteristic of restenotic lesions. 2 
Furthermore intracoronary ultrasound studies uggest 
that intimal hyperplasia s not prominent in restenotic 
lesions. 3As a result of these observations the impor- 
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tance of intimal hyperplasia in restenosis has been 
questioned. 4-6 
Although the association between vasospasm fol- 
lowing angioplasty and subsequent restenosis was 
observed some years ago, 7 the importance of chronic 
constriction and arterial remodelling in restenosis has 
only recently been examined in detail. 4-6's Most, but 
not all, 8 of these studies suggest hat differences in 
compensatory enlargement (or arterial remodelling) is 
a more important determinant of restenosis than 
intimal thickening. 
Neuronally mediated spasm has been shown to 
occur in both within and distal to the angioplastied 
artery. 9 As early arterial spasm may be linked to 
chronic constriction and subsequent restenosis ~°we 
hypothesised that arterial denervation by sympa- 
thectomy would reduce spasm and might subse- 
quently enhance remodelling. This was tested in a 
porcine iliac artery injury model. 
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Materials and Methods 
A pilot study established that compensatory enlarge- 
ment was seen in porcine iliac arteries 4 weeks after 
balloon catheter de-endothelialisation (Figs. 1 and 2). 
This injury was also associated with intimal and 
medial thickening (Table 1). Thirty-six male pigs aged 
9-11 weeks and weighing 20-30kg were used. The 
pigs were housed and cared for in accordance with the 
code of practice for the care and use of animals for 
scientific purposes in Australia as proposed by the 
National Health and Medical Research Council. 
Unlimited food and water were provided and the 
animals were inspected daily. 
Operative procedure 
All procedures were p rformed under general anaes- 
thesia using a mixture of halothane (2%), nitrous oxide 
(0.51/rain) and oxygen (1.51/min) with ventilation via 
an endotracheal tube. A single dose of perioperative 
antibiotic (Bicillin 1.2 MU, Wyeth Pharmaceuticals) 
was given at the time of induction. A right groin 
(a) 
(b) 
Fig. 1. An operative xample of both iliac arteries during perfusion- 
fixation demonstrating the increased size seen in the injured artery 
(R). 
Fig. 2. (a) Transverse section of an uninjured porcine common iliac 
artery. (b) Transverse section of an example of a porcine common 
iliac artery 4 weeks after balloon injury showing thickened intima (i) 
and compensatory enlargement. Haematoxalin and eosin stain. 
Original magnification × 20. 
Table 1. Area measurements in mm 2 of the iliac arteries in the 
control group to show the effect of injm3r alone. Median and 
interquartile ranges, p-values derived from Mann Whitney U-test. 
Uninjured Injured 
(n=15) (n=15) p-value 
Total 5.2 (4.4-6.2) 9.0 (8.2-10.4) 0.0004 
Media 3.2 (3.0-3.8) 5.67 (4.6~5.9) 0.0001 
Intima 0 1.5 (0.8-2.0) 0.0001 
Lumen 2.0 (1.4-2.4) 1.9 (1.7-2.9) 0.55 
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incision was made and the femoral vessels dissected. 
An arteriotomy was made in the profunda femoris 
artery and arterial pressure was recorded via a 
catheter connected to a transducer. A 5F Fogarty 
embolectomy catheter (Baxter) was passed up to the 
aortic bifurcation and inflated to a intraballoon pres- 
sure of 700 mmHg. This intraballoon pressure was 
maintained constantly throughout the procedure via a 
transducer attached to the catheter through a three 
way connector. The inflated balloon catheter was 
pulled down the common iliac artery (referred to as 
the iliac artery henceforth) The catheter was removed, 
the profunda femoris artery ligated and the groin 
wound closed. 
A midline laparotomy was then performed and 
both sympathetic chains from renal hilum down to the 
pelvic brim were removed in animals allocated ran- 
domly to the sympathectomy group (n = 18). A sham 
sympathectomy was performed on the control group 
(n = 18) by identifying but not dissecting the sym- 
pathetic chains. The abdominal wound was closed 
and the animals were allowed to recover. 
internal elastic lamina was readily identified as a 
sharp boundary between the intima and the media of 
the injured arteries (Fig. 2b). The adventitia was not 
discernable as a discrete layer and was therefore not 
measured. The total arterial cross-sectional rea was 
calculated as the sum of the lumen, intima and media 
areas. The area of the intima of the uninjured arteries 
was below the resolution of this system and was 
therefore considered to have an area of zero. All the 
measurements were made twice by a single observer 
in blinded fashion. 
Mean areas of the lumen, intima and media for each 
artery were calculated from the measurements of the 
six sections and expressed in mm 2. As the distribution 
of measurements for the sympathectomy and the 
control groups themselves was uncertain, these were 
expressed as medians and interquartile ranges. Statis- 
tical analysis was performed using the Mann Whitney 
U-test and results were considered significant at the 
p < 0.05 level. 
Results 
Specimen harvesting and processing 
Four weeks later animals were anaesthetised and a 
laparotomy performed. The infrarenal aorta and distal 
arterial tree was perfused with 500ml of isotonic 
saline followed by 500ml of 10% buffered formal- 
dehyde at a constant pressure of 70mmHg (mean 
systolic blood pressure under anaesthesia). The efflu- 
ent was drained via the inferior vena cava. The right 
and left iliac arteries were harvested; all branches and 
both ends of the arteries were ligated uring perfusion 
and then removed. Specimens were stored in formal- 
dehyde at room temperature for 1 week. Each iliac 
artery was divided into three equal segments (prox- 
imal, mid and distal), embedded in paraffin, and two 
5 ~tm sections were taken from the middle of each 
segment. This resulted in six sections per arter3~ taken 
at I cm intervals. 
There were four anaesthetic-related d aths and four 
exclusions: two animals were killed after developing 
wound infections, one artery was damaged uring 
harvesting and one artery had thrombosed. No ani- 
mals developed limb ischaemia following the proce- 
dure. The presence of sympathetic ganglia was con- 
firmed histologically in all sympathectomy specimens. 
Blood pressure, in the anaesthetised animals, was not 
significantly different 4 weeks after sympathectomy 
(data not shown). 
With the exception of one thrombosed artery in the 
control group, no evidence of mural thrombosis or 
medial necrosis was seen. Injured arteries were obvi- 
ously enlarged at four weeks (Figs. 1 and 2). Some 
intimal thickening was seen in all balloon-injured 
arteries. Areas of the lumen, intima, media and whole 
artery for both groups are summarised in Tables 1-3. 
Morphometric methods 
Sections were stained with haematoxylin and eosin 
and images were projected at a 16 × magnification 
using an image analysis ystem (Pulinx TMC video 
camera). Computer generated image analysis (Chro- 
matic, Leading Edge) was used to measure the areas of 
the lumen, intima, media, and whole artery. The 
Table 2. Area measurements in mm 2 of the uninjured iliac arteries 
from the control and sympathectomy groups to show the effect of 
sympathectomy alone. Median and interquartile ranges, p-values 
derived from Mann Whitney U-test. 
Control Sympathectomy 
(n=15) (n=13) p-value 
Total 5.2 (4.4-6.2) 7.0 (6.6-9.4) 0.009 
Media 3.2 (3.0-3.8) 3.2 (2.9-3.8) 0.95 
Lumen 2.0 (1.4-2.4) 4.2 (3.7-5.5) 0.003 
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Table 3. Area measurements in mm 2 of the injured iliac arteries in 
the control and the sympathectomy groups to show the effect of 
sympathectomy on the injured artery. Median and interquartile 
ranges, p-values derived from Mann Whitney U-test. 
Control Sympathectomy 
(n=15) (n=13) p-value 
Total 9.0 (8.2--10.4) 10.9 (7.9-14.2) 0.19 
Media 5.7 (4.6-6.9) 4.7 (4.2G6.6) 0.84 
Intima 1.5 (0.%2.0) 0.9 (0.6-1.7) 0.15 
Lumen 1.9 (1.7-2.9) 4.8 (2.66.3) 0.003 
Discussion 
Arterial remodelling is used to describe the compensa- 
tory enlargement seen following angioplasty. 4 This 
adaptive change is analagous to the enlargement seen 
in atherosclerotic arteries. 11 Intimal hyperplasia is a 
prominent response to experimental balloon injury 
and has long been considered the dominant cause of 
restenosis following arterial intervention in clinical 
practice. 1 There is, however, experimental 4-6 and 
clinical 3 evidence suggesting that remodelling is a 
more important determinant of restenosis than intimal 
hyperplasia. This may explain the generally dis- 
appointing results of attempts to prevent restenosis n 
clinical practice with drugs known to inhibit intimal 
thickening in experimental models. ~
Changes in arterial size appear to be influenced by 
changes in flow. In experimental studies the initial 
diameter reduction seen with reduced flow is due to 
vasoconstruction and can be reversed pharmaco- 
logically. By 28 days however, the constriction appears 
to be structural and is no longer eversed by papavar- 
aine. 12 In other words an early vasoconstrictive 
response to flow changes becomes tructurally perma- 
nent. Although the response of an artery to flow 
changes in flow is different to response to injury, both 
appear to be endothelium-dependent and result in 
arterial remodelling. 6'13 The molecular basis of remod- 
elling is unknown and consequently there is no 
obvious target for pharmacological intervention 
although a recent study of coronary angioplasty in 
pigs suggested that a combination of the antioxidant 
vitamins C and E may enhance vascular emodelling 
(without influencing intimal thickening). 14
hnpaired vasodilation and enhanced vasoconstric- 
tion are known to occur after experimental endothelial 
injury. 15'16 This has also been demonstrated clinically 
and appears to be neuronally based. 9 Vascular injury 
results in a three-fold increase in arterial noradrena- 
line content and an enhanced vasoconstrictive 
response to neuronal but not exogenous noradrena- 
line. 17 On the basis that angioplasty results in a 
vasoconstrictive response and that this may be linked 
to subsequent restenosis 7"1° we examined the influ- 
ence of sympathectomy on arterial morphometry 
following balloon injury. 
Lumbar sympathectomy is generally considered to 
be of limited value in terms of limb salvage and is 
usually only performed when revascularisation is ot 
feasible. Lumbar sympathectomy does, however, 
denervate the lower limb arteries and removes neu- 
ronally-mediated sympathetic responses. 18 The por- 
cine iliac artery model was initially developed as a 
large animal model of intimal hyperplasia. Pilot 
studies revealed that although intimal thickening 
occurred, there was no loss of lumen due to a dramatic 
increase in the size of the injured artery (Figs. 1 and 2). 
The model therefore appeared suitable for the study of 
the influence of sympathectomy on arterial remodel- 
ling following injury. 
The morphometric changes een in the uninjured 
artery following sympathectomy were consistent with 
vasodilation: there was a highly significant increase in 
total arterial and lumen area with no change in media 
area (Table 2). Although the media area is not affected 
by the physiological state of an artery, ~9 it is conceded 
that an anatomical end-point such as lumen area, 
measured in fixed tissue, is not a reliable indicator of 
a physiological end-point such as degree of vasodila- 
tion. Vasospasm occurs despite perfusion-fixation, s'~2 
but as all arteries were processed in a standardised 
fashion, it has been assumed that this occurred to the 
same extent in both groups and that comparisons are 
therefore valid. 
Sympathectomy also resulted in a highly significant 
increase in lumen area of the iliac artery 4 weeks after 
injury (Table 3). This appeared to be due to a 
combination of an increase in arterial size and a 
reduction in intimal thickness, although neither of 
these were significant in their own right. It is not 
known whether the increase in lumen is due to 
vasodilation or structural remodelling. It may be 
possible to clarify this by angiography orintravascular 
ultrasound before and after the application of a topical 
vasoconstrictor although these methods have their 
own inaccuracies. 5 Our observations are in agreement 
with a study of angioplasty in rabbit iliac arteries, in 
which media but not intimal area was reduced by 
pharmacological sympathectomy using 
6-hydroxydopamine. 17 
We have shown that sympathectomy increases 
lumen area 4 weeks after balloon injury in an 
experimental model in which elements of intimal 
thickening and arterial remodelling are seen. 
Although this porcine model is not one of angioplasty 
of an atherosclerotic artery, it is in an animal with 
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arter ies  known to respond to in ju ry  l ike human 
arter ies,  a° I r respect ive  of the  debate  over  in t ima l  
hyperp las ia  vs  remode l l ing ,  lumen area is a more  
impor tant  funct iona l  ind icator  of restenos is  than  wa l l  
th ickness  (or a rea) J  Whether  this effect occurs  in 
human atherosc le rot i c  ar ter ies  is unknown but  wou ld  
not  be  di f f icul t  to examine  in a c l in ical  tr ial  of 
ang iop las ty  w i th  and  w i thout  ad juvant  
sympathectomy.  
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